Although differences among people are frequently assumed to increase with age, cross-sectional comparisons of measures of brain structure and measures of cognitive functioning often reveal similar magnitudes of between-person variability across most of adulthood. The phenomenon of nearly constant variability despite systematically lower means with increased age suggests that individual differences in rates of aging may be relatively small, particularly compared with the individual differences apparent at any age. The current study examined between-person variability in cross-sectional means and in short-term longitudinal changes in 5 cognitive abilities at different ages in adulthood. The variability in both level and change in cognitive performance was found to be similar among healthy adults from 25 to 75 years of age in all 5 cognitive abilities. Furthermore, the correlations between scores at the first and second occasions were very high, and nearly the same magnitude at all ages. The results indicate that between-person differences in short-term cognitive changes are not inevitably greater among healthy older adults than among young adults.
Introduction
An intriguing pattern of negative age trends on measures of central tendency with little or no relation of age on indexes of between-person variability is often apparent in measures of brain structure among samples of healthy adults spanning a wide age range. Few direct quantitative comparisons have been reported, but scatter plots in the published articles frequently reveal negative cross-sectional age trends with little age-related increase in between-person variability. This pattern is illustrated in the top 2 panels of Fig. 1 with data on cerebral volume and cortical thickness, and similar figures with these characteristics have been reported in studies of total or regional brain volume (e.g., Abe et al., 2008; Allen et al., 2005; DeCarli et al., 2005; Fotenos et al., 2005 Fotenos et al., , 2008 Good et al., 2001; Kennedy et al., 2009; Kruggel, 2006; Lemaitre et al., 2010; Salat et al., 2009; Sowell et al., 2003; Terribilli et al., 2011; Zimmerman et al., 2006) , studies of cortical thickness (e.g., Ecker et al., 2009; Lemaitre et al., 2010; Salat et al., 2004) , and studies of white matter integrity based on diffusion tensor imaging (e.g., Abe et al., 2008; Charlton et al., 2006; Grieve et al., 2007; Hsu et al., 2008; Michielse et al., 2010; Rovaris et al., 2003; Salat et al., 2005; Stadlbauer et al., 2008; Sullivan and Pfefferbaum, 2006; Voineskos et al., 2010; Westlye et al., 2010) .
The phenomenon of negative relations between age and level of performance with little or no relations of age on between-person variability is also evident with a variety of cognitive variables in moderately large samples of healthy adults (see Figs. 1.12-1.15 in Salthouse, 2010a) . This pattern is illustrated in the bottom 2 panels of Fig. 1 which portray composite scores for speed and memory abilities from a random 25% of the participants in the current project.
The nearly constant variability at different ages is surprising because it is often assumed that individual differences in rates of aging are superimposed on pre-existing individual differences to produce greater between-person variability at older ages. It is likely that variability does increase with age in samples containing substantial numbers of individuals with various health conditions that affect cognitive functioning or who are in the early stages of dementia. Nevertheless, the available evidence suggests that age-related decreases in mean values are not inevitably accompanied by age-related increases in between-person variability.
Although reports of nearly constant variability with increased age are well documented in cross-sectional studies of brain structure (see earlier citations) and of cognitive functioning (e.g., Johnson et al., 2010; Salthouse, 2010a ), comparisons of variability in level of performance at different ages provide only indirect evidence of individual differences in rates of change. That is, the lack of an agerelated increase in variability is consistent with an inference that there was little variability in the changes from Time 1 to Time 2, but longitudinal data are needed to allow direct examination of individual differences in within-person changes.
Only limited information about variability of longitudinal changes at different ages in adulthood has been reported, but what is available suggests that individual differences in change may be nearly constant across adulthood. For example, little indication of an increase with age in measures of between-person variability in cognitive change was evident in 2 analyses of data from the Baltimore Longitudinal Study of Aging (i.e., Alder et al., 1990; Giambra et al., 1995) . Furthermore, the standard deviations for measures of cognitive change were similar at different ages in reports of a project by Ronnlund and colleagues (i.e., Ronnlund and Nilsson, 2006; Rönnlund et al., 2005 ; also see Fig. 2 in Salthouse, 2011a) .
Information about variability in longitudinal change is also available from correlations between the scores across 2 occasions (i.e., T1 and T2) because these stability coefficients are inversely related to the variability of change across the T1-T2 interval. Stability coefficients with measures of cognitive functioning are often quite high, particularly when they are based on composite or factor scores that minimize measurement error. For example, Rönnlund et al. (2005) reported 5-year stability coefficients of 0.80 for an episodic memory factor and 0.89 for a semantic memory factor. The estimated correlation for a latent construct of fluid intelligence over a 5-year interval was 0.98 in a study by Raz et al. (2008) , and Zimprich and Mascherek (2010) recently reported 12-year stabilities of 0.95 for a fluid intelligence construct. 0.93 for a crystallized intelligence construct, 0.91 for a speed construct, and 0.58 for a memory construct. Only 2 reports could be found in which stability coefficients were computed for adults in different age groups, and both suggested little or no age differences in the magnitude of stability. Hertzog and Schaie (1986) reported stability coefficients across a 7-year interval for a latent construct representing general cognitive ability of 0.89, 0.93, and 0.94 for adults aged 30 to 39, 42 to 53, and 53 to 74, respectively. In a later analysis of data from the same project (Schaie, 2005, Table 8 .10), the median 7-year stabilities for 6 cognitive abilities were 0.88 for adults age 32 to 39, 0.93 for adults age 46 to 74, and 0.98 for adults age 76 to 83.
The existing results raise the possibility that age-related influences on cognitive functioning are operating in a similar manner among healthy adults across most of adulthood. The major goal of the current project was to investigate this implication in more detail by examining relations of age on measures of central tendency (i.e., mean) and variability (i.e., standard deviation) for the cross-sectional differences and longitudinal changes in 5 cognitive abilities. Because measurement error can inflate estimates of variability and attenuate stability correlations, the analyses were carried out on composite scores, which tend to reduce measurement error because of the principle of aggregation (i.e., Rushton et al., 1983) , and on latent constructs, which eliminate measurement error because only reliable variance can be shared to form constructs.
Methods

Participants
The data were derived from the Virginia Cognitive Aging Project (VCAP), which is an ongoing cross-sectional and longitudinal study of cognitive aging Salthouse, 2010b) . As of December 2010, a total of 3781 adults between 18 and 98 years of age had participated at least once, and 1623 of them had returned for at least 1 additional longitudinal session, with intervals between the first and second occasions ranging from less than 1 year to over 9 years. The bottom left and bottom right panels contain estimated standard deviations for latent level and latent change parameters derived from latent change models (see Ferrer and McArdle, 2010 ) separately applied to the 5 abilities and 4 age groups.
Because analyses of variability are most stable when the samples are relatively large, the cross-sectional Virginia Cognitive Aging Project sample was divided into 4 nearly equal-sized groups of over 900 individuals each. The distribution of ages in the sample was not completely rectangular, and therefore the mean ages of the groups were not equally spaced (i.e., mean ages of 26, 46, 58, and 75). Characteristics of the participants in the 4 age groups are summarized in Table 1 .
It can be seen that the majority of the participants were female, that the average self-reported health was in the very good range, and that the participants had completed an average of over 15 years of education.
As a means of evaluating the representativeness of the sample, age-adjusted scaled scores are reported for 4 tests from the Wechsler Adult Intelligence Scale III (Wechsler, 1997a) and the Wechsler Memory Scale III (Wechsler, 1997b) . These age-adjusted scores have means of 10 and standard deviations of 3 in the nationally representative normative samples, and therefore it can be inferred that participants in the current sample were functioning between 0.5 and 1 standard deviation above the national norms. Importantly for the age comparisons, however, is that there were relatively small relations of age to the age-adjusted scaled scores for 4 cognitive variables, indicating roughly comparable positive selection at all ages. Details on selective attrition at different ages in the longitudinal sample have been reported elsewhere (Salthouse, 2010b) .
Cognitive tests
Each participant completed 16 cognitive tests designed to represent 5 cognitive abilities. Reasoning was assessed with the Raven's Advanced Progressive Matrices (Raven, 1962) , Shipley Abstraction (Zachary, 1986) , and Letter Sets (Ekstrom et al., 1976) tests. Spatial visualization was assessed with the Spatial Relations test from the Differential Aptitude Test Battery (Bennett et al., 1997) , the Paper Folding test from the Educational Testing Service Kit of Factor-Referenced Cognitive Tests (Ekstrom et al., 1976) , and the Form Boards test (Ekstrom et al., 1976) . Speed was measured with Digit Symbol (Wechsler, 1997a) , Letter Comparison (Salthouse and Babcock, 1991) , and Pattern Comparison (Salthouse and Babcock, 1991) tests. Episodic memory was assessed with the Logical Memory and Word List tests from the Wechsler Memory Scale III (Wechsler, 1997b) , and with a locally developed Paired Associates test (Salthouse et al., 1996) . Vocabulary was measured with Wechsler Adult Intelligence Scale III Vocabulary (Wechsler, 1997a) Values in parentheses are standard deviations. Longitudinal participants are a subset of the cross-sectional participants. Scaled scores are age-adjusted scores from Wechsler (1997a Wechsler ( , 1997b .
1989), Antonym Vocabulary (Salthouse, 1993) , and Synonym Vocabulary tests (Salthouse, 1993) . Descriptions of the tests and their sources, as well as information about reliability and validity in the form of confirmatory factor analyses indicating the pattern of relations of variables to ability constructs, are contained in other articles (Salthouse, 2004 (Salthouse, , 2005 (Salthouse, , 2010b Salthouse and Ferrer-Caja, 2003; .
Analyses
Scores of each test were converted to z scores based on the distribution of scores in the entire sample at T1, and then 2 sets of analyses were conducted. One set was conducted on composite scores formed by averaging the z-scores for the variables representing the vocabulary, reasoning, spatial visualization, memory, and speed abilities. Longitudinal change was then computed for each of the 5 cognitive abilities by subtracting the T1 composite score from the T2 composite score, and stability coefficients were obtained by computing correlations between the composite scores at T1 and T2.
A second set of analyses was based on latent constructs defined by the variance common to the relevant variables for each cognitive ability. Correlations were computed between constructs at T1 and T2, and latent change models (i.e., Ferrer and McArdle, 2010) were also used to examine the relation of age to the latent level and latent change parameters, and to estimates of the variability in those parameters. Finally, the T1 construct, age, the interval between the T1 and T2 measurements, and the interaction of age and the T1-T2 interval were used as predictors of the T2 construct to investigate effects of the length of the longitudinal interval on the relation between the T1 and T2 scores.
Results
Between-person variability
The top left panel of Fig. 2 contains standard deviations of the T1 composite scores in the 4 age groups, and the top right panel contains the standard deviations of the T2-T1 differences in the composite scores in the 4 age groups. Note that there was no systematic relation of age on the measures of between-person variability in either the level (T1) or change (T2-T1) scores. Similar information for the estimated standard deviations (i.e., square root of the estimated variances) of the latent level and latent change parameters are portrayed in the bottom 2 panels of Fig. 2 . As with the composite scores, age differences on the measures of variability were small to nonexistent for both the level and change parameters.
It is important to note that the lack of an age relation on between-person variability in Fig. 2 occurs despite systematic relations of age on the T1 scores and on the T2-T1 changes. That is, Table 2 contains correlations of age with T1 composites and T2-T1 changes in the composites, and with the latent level and latent change parameters from the latent change models, and all correlations were significantly negative. Age-related effects on the changes were evident in both the direction and magnitude of change as paired t tests revealed that the T2-T1 changes in the composite scores were significantly positive in the youngest (18 -36) group for all cognitive abilities except speed, and were significantly negative in the oldest (66 -97) group for all abilities except spatial visualization.
Stability coefficients
Correlations between T1 and T2 of composite scores and of latent constructs in the 5 abilities are presented in Table  3 for the 4 age groups. The correlations involving composite scores were likely attenuated because of the presence of measurement error, but because only reliable variance can be shared, latent constructs have no measurement error and thus their correlations are not attenuated by measurement error. It is therefore noteworthy that all of the stability coefficients for the latent constructs in Table 3 were very close to 1, and only those for memory ability exhibited a trend toward lower stability at older ages.
Influence of T1-T2 interval
Because the interval between the T1 and T2 assessments varied across participants (see Salthouse, 2011b) , the influence of the length of the T1-T2 interval on the relations between the T1 and T2 scores was also examined. The analyses consisted of using the interval, age, and the crossproduct age-by-interval interaction terms in addition to the T1 construct as predictors of the T2 latent construct. As one would expect from the high stability coefficients, the T1 construct was a strong predictor of the T2 construct with every cognitive ability, as the standardized regression coefficients were 1.0 for vocabulary, 0.96 for reasoning, 0.94 for spatial visualization, 0.84 for memory, and 0.90 for speed. Importantly, however, neither age nor the length of the interval between the T1 and T2 assessments were significant predictors of the T2 construct when they were considered simultaneously with the T1 construct. The interaction of age and interval was significant only with the memory ability construct, in the direction of weaker T1-T2 relations with longer intervals at older ages. This pattern was manifested in the stability coefficients as all of the stability coefficients for the memory construct were greater than 0.89, except among older adults with intervals longer than the median, in which the stability coefficients were 0.80 for the age 53-65 group and 0.78 for the age 66 -97 group.
Relations of age on different regions of the distributions
Additional analyses were carried out to examine the distributions of change within each age group in more detail. Although there is little evidence in Fig. 2 of relations between age and variability, it is possible that the overall variance could have remained constant if the relations of age varied across different regions of the distribution. For example, age-related increases in variability could have been obscured if a functional floor was operating to limit the lowest values in the distribution, or if there was greater attrition among the lowest performing older adults such that the lower region of the initial distribution was not represented in the longitudinal sample. One method of investigating these possibilities is to examine performance at different percentiles within the distributions of longitudinal changes at each age. The rationale is that if there are differential age-related influences on particular regions of the distribution, then the functions relating performance at different percentiles should either diverge or converge with increased age, and should not be parallel.
The 5 panels of Fig. 3 portray the T2-T1 composite score differences at the 10th, 25th, 50th, 75th, and 90th percentiles in each age group. It can be seen that the age trends in each percentile were nearly parallel, with approximately the same age relation at every percentile in the distribution. In particular, although there were age differences in the absolute magnitudes of change, the relations of age on the 50th percentile scores were remarkably similar to those on the 10th and 90th percentiles in every cognitive ability. These data therefore suggest that the nearly constant variability across adulthood is not an artifact of differential influences on some regions of the distribution, but instead seems to reflect a nearly uniform downward shift of the entire distribution without appreciable distortions of the shape of the distribution.
Discussion
Despite negative relations between age and both level and change in cognitive performance, the results of this study indicate that there is little evidence of an age-related increase in the magnitude of individual differences in either the cross-sectional differences or longitudinal changes in 5 cognitive abilities. Furthermore, the lack of systematic age differences on the estimates of change variance in Fig. 2 , on the stability coefficients in Table 3 , or on the distribution percentiles in Fig. 3 , suggests that whatever is contributing to change or stability may be operating in a similar fashion throughout adulthood.
The results in Fig. 2 indicate that the individual differences in change over time are much smaller than the individual differences in the level of performance at a single point in time. Moreover, the stability coefficients were very close to 1.0 when measurement error was taken into consideration with latent constructs. This combination of high stability and small variance in change indicates that only a small portion of the individual differences apparent at any given age are attributable to individual differences in rates of short-term change. Importantly from the current perspective, not only were the absolute levels of variability and stability quite high, but the values were very similar across a large span of adulthood.
Memory ability is somewhat of an exception to the general pattern as it had lower stability and higher change variability at older ages and longer T1-T2 intervals. Schaie (2005) and Zimprich and Mascherek (2010) also reported lower stability coefficients for memory ability than for other cognitive abilities, and therefore episodic memory may be a special case in which individual differences in change are more pronounced than with other abilities, particularly among older adults. The greater variability and lower stability for memory may reflect the presence of some individuals with preclinical dementia in the older sample as memory decline is recognized as one of the earliest symptoms of dementia. Unfortunately, this possibility could not be examined in the current study because no measure of current or subsequent dementia status was available.
The regression analyses revealed little evidence that the stability coefficients varied as a function of the length of the T1-T2 interval. The absence of an interval effect in the current study could be attributable to restricted range, because although the intervals ranged from 0.2 to 9.2 years, the median was only 2.2, and 90% of the intervals were less than 4 years. However, the stability coefficient of 0.98 for the reasoning/fluid ability construct in this study was similar to the coefficients for a similar construct of 0.98 reported by Raz et al. (2008) over a 5-year interval, and 0.94 reported by Zimprich and Mascherek (2010) over a 12-year interval, and therefore high stability may persist over much longer time periods than those examined here for some cognitive abilities.
In summary, previous studies have revealed similar levels of between-person variability in cognitive functioning at different ages, and the current analyses not only confirmed this finding, but in addition revealed that the variability in short-term longitudinal change was also similar across most of adulthood. It is an open question whether longitudinal analyses of brain structure or various biomarkers of aging would reveal similar magnitudes of change variability and T1-T2 correlations across the adult years. At least for measures of cognitive functioning in this sample of healthy adults, however, the results reported here indicate that systematic relations of age on longitudinal change can occur without larger individual differences in rates of aging at older ages.
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